Introduction
Current global markets require that all educated citizens become science-andmath-literate (Seymore, 2001) . In South Africa this requirement is recognised by the fact that the newly implemented outcomes-based education (OBE) education system requires of all students to do a mathematics subject up to Grade 12. This change is one of many brought about by implementation of the South African OBE system. The OBE system, first implemented in 1998, not only involves a change in approach but also a change in curriculum. In other words, the OBE system demands changes at the heart of the education system. The transition to the OBE system has been fraught with criticism (e.g. Jansen, 1998) and necessitated revisions and modifications along the way, discussed in a later section. The question addressed in this paper is how such a radical change affects the mathematical preparedness of students entering university. In addition, there are other factors impacting on the mathematical preparedness of students for university that also need to be taken into account, discussed subsequently.
Mathematical Preparedness
A century ago, students enrolling for a university mathematics course tended to fit a particular profile. University lecturers in mathematics could assume that all students had certain skills and classes tended to be small (Craig, 2007; Zevenbergen, 2001) . This situation has gradually been changing, with a greater number of students enrolling for courses, and those students having more diverse backgrounds. Diversity can include language, culture and academic preparedness.
Lecturers teaching first year mathematics, whether as a main subject, or as a service course, face a problem deciding where to start, and what background knowledge and skills can be assumed (Cox, 2000) .
The concern at tertiary level that students are not meeting the expectations of preparedness met by their predecessors is noted by several authors. Hoyles, Newman and Noss (2001) , as well as Craig (2007) , cite a variety of studies expressing concern about the mismatch between university expectations and the wide range of mathematical skills levels of new students. Wood (2001) describes the necessity for academic structures such as bridging courses for students that return to academic life after substantial absence.
Reasons for the perceived changes include increased enrolment numbers (Northedge, 2003; Seymore, 2001; Wood, 2001 ) and changing school curricula (De La Paz, 2005; Hoyles et al., 2001) . It is the latter type of change combined with a change in teaching and learning approaches that we focus on in this study. Disparity in levels of mathematical preparedness creates challenges to lecturers and results in, for example, the development of bridging courses and academic support programmes, changes in curriculum and changes in assessment strategies (Craig, 2007; Northedge, 2003; Wood, 2001 ).
The South African Situation
After the change in government in 1994, an interim curriculum was introduced for all grades in primary and secondary schools in South Africa and which was essentially an edited version of the 1983 national curriculum so that all learners in SA were offered the same grade 12 examination, irrespective of which education department their school was in.
Up until 1997 the traditional way of teaching, based on an educator-centred approach, was used in South African schools (Jacobs, Gawe & Vikalisa, 2000; Lichakane, 2005) . The perception was that learners sat passively listening to the educator taking notes and not actively participating in the learning process. The Department of Education realised that many learners participating in the school system were not acquiring problem-solving or critical thinking skills (Department of Education, 2000). In 1997, the then minister of Education, Sibusiso Bengu, announced the implementation of the new outcomes-based education system, called Curriculum 2005 (C2005), which was implemented in 1998 for grades 1, 2 and 3 learners, in 1999 for grades 4, 5 and 6 learners, in 2000 for grade 7, in 2001 for grade 8 and in 2002 for grade 9 learners. The intention was to introduce this curriculum for grade 10 learners in 2003, for grade 11 learners in 2004 and for grade 12 learners in 2005 (this was the origin for the name Curriculum 2005), but the curricula for these grades were not developed in time for implementation. Research also indicated some problems with the new curriculum and C2005 was reworked into the Revised National Curriculum Statement (RCNS), which was (or will be) introduced into grades 1,2 and 3 in 2004, 4, 5 and 6 in 2005, into grade 7 and 10 in 2006, 8 and 11 in 2007 and 9 and 12 in 2008. The mentioned interruption in the schedule of introducing OBE into South African schools had as consequence the reality that three groups of learners (learners that were or would be in grade 12 in 2005, 2006 or in 2007) had been subjected to this new approach in the education system for 5 or 6 years and were then moved back to the old curriculum for their last three years of secondary school. In 2006 universities in the country received the first products of the OBE approach-learners that have had partial exposure to OBE. This partial exposure is also true for the groups of students that finish(ed) secondary school in 2006 and 2007 and who enter university in 2007 and in 2008 . Since the conventional system and the OBE approach differs significantly with respect to teaching and learning approaches as well as content, it was anticipated that these three groups of students might have suffered being moved to OBE at first and then back to the old system again after a number of years. Learners that finish secondary school in 2008 will be the first group of students that have had full exposure to OBE over their entire school career. These students will enter university in 2009.
The Vision of OBE
The new vision for education was to integrate education and training into a system of lifelong learning. OBE was adopted as the approach that would enable the articulation between education and training, recognition of prior learning, and thus increased mobility for learners between different vocations (Graven, 2002) . OBE was introduced to address the imbalance in education (due to the political dispensation) and the changing demands in the market place arising from the need for a more skills-based workforce. Quoting Bengu (1997) , OBE …aims at equipping learners with the knowledge, competencies and orientations needed for success after they leave school…Its guiding vision is that of thinking, competent future citizens…that the new curriculum will integrate education and training incorporating a view of learning which rejects a rigid division between academic and applied knowledge and skills…and foster learning which encompasses a culture of human rights, multi-lingualism and multi-culturalism.
The key principles on which Curriculum 2005 is based are: integration; holistic development; relevance; participation and ownership; accountability and transparency; learner-orientation; flexibility; critical and creative thinking; progression; anti-biased approach; inclusion of learners with special education needs; quality standards; and international comparability (Department of Education, 1997) .
In the OBE pedagogy, learners work collaboratively posing questions, arriving at and formulating conjectures and discussing the validity of solutions (Lichakane, 2005) . According to Owen (1995) the educator's role is to promote discourse in which learners listen to, respond to, and question the educator and one another and try to convince themselves and one another of the validity of particular representations, solutions, conjectures, and answers.
Curriculum 2005 is premised on a learner-centred, outcomes-based approach to education. A distinguishing feature of Curriculum 2005 is its explicit political agenda. Curriculum 2005 is a vehicle for restructuring South African society along democratic principles (Graven, 2002) . This role is captured in the introduction to the Curriculum 2005:
The curriculum is at the heart of the education and training system. In the past the curriculum has perpetuated race, class, gender and ethnic divisions and has emphasised separateness, rather than common citizenship and nationhood. It is therefore imperative that the curriculum be restructured to reflect the values and principles of our new democratic society. (Department of Education, 1997, p. 2) Educators are the key contributors to the transformation of education in South Africa. They should be mediators of learning, interpreters and designers of learning programmes and materials, leaders, administrators and managers, scholars, researchers and lifelong learners, community members, assessors and specialists (Lichakane, 2005; Revised National Curriculum Statement, 2002) .
In this transition to OBE, Graven (2002) identifies three major shifts in the philosophy of mathematics and mathematics education, relating to the approach to mathematics teaching, the nature and contents of mathematics, and the role of mathematics education.
The Kentucky Department of Education (1995) gives the following comparison between the traditional approach and a standards-based approach (the USA equivalent of an outcomes-based approach) (see Table 1 ). Graven (2002) is of the opinion that implementing the new curriculum should not simply involve replacing old practice with new practice, but that the new curriculum should be fashioned in such a way that it becomes part of the teacher's way of being. She identifies four new roles of teachers:
• to support learners to critically analyse the way mathematics is used socially, politically, and economically to prepare them for democratic citizenship.
• to bring mathematics from outside into the classroom.
• to apprentice learners into ways of investigating mathematics being a person who has an interest in pursuing mathematics for its own sake.
• to convey the practices of the broader community of mathematics teachers.
The Objective of the Project
The objective of this project is to determine the impact of the OBE approach on university preparedness in mathematics. The transition groups, mentioned above, are first year students in 2007 and 2008. Because of their partial exposure to OBE these groups of students differ from the students that entered university before 2007 and are also different from the groups of students that will enter university from 2009 onwards. Groups before 2007 had no OBE exposure while students from 2009 onwards will have had full OBE exposure since 1998.
In th is paper, the first stage of the project, we investigate the university preparedness of the transition groups. In a follow up paper the preparedness of students th a t will h ave had full exposure to OBE will be investigated.
The Measuring Instrument
As a measuring instrument we used the mathematics achievement test developed as part of the Alternative Admissions Research Project (AARP), a project initiated at the University of Cape Town (AARP; Haeck, Yeld, Conradie, Robertson, & Shall, 1997) . The University of Pretoria has been collaborating in developing these tests. An English language based academic skills test and, where appropriate, two mathematics tests (an achievement test and a comprehension test) and a scientific reasoning test, are the main AARP instruments used in recommending students for admission to the university.
These tests have been set up to provide an access route for applicants whose final school results might not portray their full potential. Students with good Grade 12 results are not disadvantaged in any way by writing the tests. All firsttime entering undergraduate applicants are invited to write the tests at one of the various testing centres around the country. Students write these tests either in the year before entering university or in the beginning of their first year, before lectures start. These tests have been used by a number of institutions around the country.
All first-time entrant applicants to the university (who have not had any tertiary education) are eligible to take the tests and wherever appropriate and possible, recommendations are coupled to placement decisions. The AARP tests aim to identify talented students who are not identifiable on the basis of their matriculation results, or who did not attend schools which provide reliable pregrade 12 examination performance data: it does not compete with the matriculation score.
The mathematics achievement test has been designed to determine the level of mathematical competency of students. The achievement test, comprising 31 multiple-choice items that cover topics usually included in the school syllabus, relies heavily on prior mathematical knowledge and skills. Candidates are allowed 90 minutes to complete the test. Candidates have to show that they can perform basic mathematical computations and manipulations and that they can solve problems. Results in the achievement test also play a role in determining whether a student needs further educational intervention in order for him/her to be successful in tertiary mathematics.
The mathematics comprehension test has been designed to minimise the effect of prior learning in mathematics, thereby enabling all students to demonstrate their ability to learn and apply mathematical knowledge. This goal is achieved firstly by using topics that fall outside the scope of the school syllabus and therefore are unlikely to have been taught in a formal setting, and secondly by using text that serves as a guide to answering questions scaled in complexity. However, comprehension tests results have no bearing on this study.
Research Design
The sample population for this study consisted of the students that registered at the University of Pretoria for the first time over the last three years [2005] [2006] [2007] and who also wrote the mathematics achievement test. We analysed the results of these students, which numbered 2040 in 2005, 2176 in 2006 and 2005 in 2007. The mathematics achievement test has been virtually identical over the last three years, which makes it appropriate to compare results of the different groups. Questions in the test have been grouped into 12 categories of topics by the authors. The topics are:
• Percentages • Number concept, manipulation • Modelling, word sums • Ratio and proportion
(Some items were grouped in more than one category.)
Students' average scores for the questions in each of the topics were calculated and the respective results for the years 2005-2007 were compared per category and in total. The mean student performances in each topic for the three years were then statistically compared, using an ANOVA test for three sets of data. Where significant differences occurred the mean student performances in each topic for the three pairs of years, 2005 vs 2006, 20005 vs 2007 and 2006 vs 2007 were compared using a t-test in order to narrow the difference down to a particular pair of years.
Results
Mean student performances (percentages) for each of the twelve topics for the years 2005 -2007 are given numerically in Table 2 and graphically in Figure 1 . From the data in Table 2 it seems as if there is a slight improvement in the overall test performance from 2005 to 2006, and again to 2007. A further tentative observation is that student performance was particularly poor in the four topics of percentages, modelling and word sums, ratio and proportion and trigonometry. Students performed best in the four topics of number concept, algebraic manipulation, functions and graphs. Figure 1 . Mean student performances (%) in the different topics.
The conclusion that students are more skilled in the latter topics is, however, somewhat risky because the questions used for these topics could have been perceived as easier than questions in other topics by students. The purpose of this investigation was not to compare performance in the different topics but to compare performance in same topic between different years.
Results of the ANOVA test for mean student performances for the three sets of data in each of the twelve topics are given in Table 3 . Overall improvement in the test was statistically significant although percentage-wise this improvement was small. From the calculated p-values it is clear that statistically significant differences in averages (at the 1% significance level) exist in seven of the twelve topics, and to find out where these differences lie we performed t-tests between the three pairs of years, respectively, for these seven topics. The p-values for the relevant t-tests are given in Table 4 . From these tables it is clear that statistically significant differences (at the 1% significance level) in student performance occurred in the following topics:
• 
Discussion
A first observation, although not totally directed towards the study, is that student performance from 2005 to 2006 has largely been maintained or improved. Given the circumstances of political turmoil and extreme changes within a society that is recovering from historical disadvantages, this can be considered a positive result.
The aim of this study, however, was to investigate the impact of the limited exposure to the OBE system on the 2006 and 2007 intake of students, the first of such students. The fact that these students reverted back to the old system for the last few years of their schooling adds intrigue to the study. The data provides clear-cut differences in three distinct areas between the 2007 students and those of the previous two years. These differences are visually obvious from the graphical presentation and statistically verified. The areas are:
• Modelling and word sums • Ratio and proportion • Geometry
In the first two areas a significant and consequential decline was observed and in the last area an equally striking increase was observed. The fact that the sample consisted of more than 2000 students, all of university calibre, makes these observations too notable to ignore and warrants closer scrutiny.
Modelling and Word Sums
Giving mathematical meaning to problems posed in words epitomises the ideals of the outcomes-based education. "Its guiding vision is that of thinking, competent future citizens… a view of learning that rejects a rigid division between academic and applied knowledge and skills." (Bengu, 1997, p. 1) . Modelling and word sums require of the learner to make sense of the surrounding world and this is the areas where the biggest drop occurred -from an already low mean performance of just over 28% in 2005/2006 to less than 20% in 2007.
Examples of questions are (examples are similar but not identical to questions in the instrument for security purposes as these instruments are still being used)
• Tap A fills a drum in 1 hour. Tap A and tap B together are able to fill the drum in 20 minutes. How long will it take tap B alone to fill the drum?
• Three girls share a certain amount of money in the ratio 1:2:3. If the first two girls' shares add up to R900, how much money does the third girl get?
These questions are not easy to do in general and most educators will attest to difficulties experienced by students when doing this type of problem, which could explain the low performance in general, but not the sudden drop for the 2007 intake. To point the finger immediately at the OBE system would be rash. There are too many other factors to consider-there were many teething problems with the initial implementation of the OBE system, educators were neither prepared nor assisted and no textbooks were available. Furthermore, one cannot discard the fact that these students started off in one system and reverted back to another system and could now be suffering the consequences of a confused education.
Ratio and Proportion
Questions in this category are closely linked to modelling and word sums as the third example question above and the second example below show. Other survey questions are similar to:
• The table shows values Although not quite as dramatic there is still a surprisingly large drop in performance of the 2007 student intake from close to 31% in 2005/2006 to just over 24% in 2007. The mathematics required here entails very little algebraic manipulation and is more conceptual in nature, and this conceptual understanding seems to be the stumbling block. This view is supported by the steady performance in the algebraic manipulation category of around 48% right through. It is disturbing that there is a decrease in conceptual understanding. Such a decrease would have serious implications for university mathematical learning where there is an emphasis on conceptual understanding. Yet one should again keep in mind that the 2007 intake is part of an exceptional group of students and a premise such that there is a decrease in conceptual understanding brought about by the OBE system could only be confirmed or denied when the performance of the 2009 student intake and subsequently are investigated.
Geometry
The increase in performance of the 2007 intake (47% compared to just over 31% in 2005 and 35% in 2006) is pleasantly surprising. Questions included:
• Calculating angles from a diagram showing a line intersecting two other parallel lines.
• Calculating the diagonal of a rectangular prism with given sides.
Measurement and representation of shape and space, time and motion figure prominently in mathematics outcomes of the OBE system. Shape and space translate to geometry and it is pleasing to observe that even for the exceptional group of 2007 geometrical skills have not only stayed intact but have improved. During the junior years that these students were subjected to OBE they were exposed to an investigative OBE approach in geometry. The nature of geometry lends itself to hands-on investigations, a prominent teaching approach in OBE, especially in junior years. This may have contributed to better understanding of geometrical principles. A further speculative explanation for this observation may be that although the OBE system could affect a change in teaching methods for geometry, the content is so well defined that it should remain unchanged. The robust content would then survive the turmoil of changing to a new system or reverting back to an old system, as was the case.
Conclusion
The OBE system has suffered, and still is suffering, severe criticism as an inadequate and poorly implemented system (e.g. Jansen, 1998 ). Yet, as far as university preparedness is concerned, our results do not agree with this dismal portrayal. In all but two topic areas student performances were on par with those in previous years. In the geometry topic students even outperformed their predecessors.
However, it is unfortunate that the two areas in which there is a decline in performance are of consequence in tertiary mathematics and for life skills in general. Both mathematical modelling and the topic of ratios and proportion are concepts that are of fundamental importance in university mathematics. An optimistic view as to the cause for the increased performance in geometry and decreased performance in modelling and ratios and proportion would be that this phenomenon is of a transitory nature and that the problem exists because the students under discussion suffered from the confusion of moving to and fro between two systems. Given that these students still followed the old syllabus in their more senior years, yet educators simultaneously tried to incorporate some of the principles of the new system, one cannot but speculate that the disturbed change of educational systems may be to blame.
A less optimistic view is that the (partial) exposure to OBE could be the reason, that the system itself is to blame. Enlightening results in this regard were published by the Department of Education of South Africa (2005) LO3 is geometry at an elementary level and it is performance for this learning outcome that leads (41%). This result links strongly with our findings. Performance is poorest for LO1 (20%), the learning outcome on numbers, operations and relationships. Questions posed for LO1 show that this is the learning outcome that includes "word sums" and fosters the mathematics that we have categorised as modelling, ratios and proportions. This result also links strongly with our findings. Examples of questions are:
• Write down the ratio of the shaded area to the non-shaded area for the following figure: • The times in seconds of the 6 athletes in the 100m final for boys are: Charles: 11.90 Zola: 11.23 Tshepo: 11.32 Jabu: 11.09 Conrad: 11.10 Thabo: 11.19 Who came third?
A tentative explanation for the better performance in the geometry outcome LO3 is that this topic lends itself exceedingly to projects and investigations and it is seen as the "fun" topic. Therefore more exposure to this topic is often provided to learners. The poor performance in the number and relationship outcome LO1 could, again tentatively, be explained by the barrier that inadequate language skills set in solving "word problems". English is increasingly the language of instruction and is a second language to most learners. Inadequate English language skills are a concern; a national average of 38% was achieved in the English equivalent of the Systemic Evaluation under discussion.
These results do not bode well for OBE and from our results it seems that the trend is perpetuated to university level. The optimistic view of a transitory problem will be confirmed or denied when the performances of the 2009 intake of students are investigated.
Limitations of the study include that data for this part of the project were collected over three years only. More reliable results may be obtained after more data have been collected. A further limitation is that many teachers may not have been sufficiently prepared to teach using methods indicated by OBE principles. This could have affected the results of this study. This impact is perhaps marginal since the students in this study had limited exposure to OBE.
Another limitation of the study lies in the multiple choice format of the items used in the instrument. Question is whether the items really offer adequate space for investigation of the creative approach that is the main feature of OBE. From this type of question it is almost impossible to find out which solving strategies were used by the solvers-only the results are evaluated.
Although this study was conducted in South Africa, the OBE teaching approach has been and will be deployed in many countries. The South African situation offers an opportunity to study the transition phase with respect to (in our case) university preparedness in mathematics. An international audience should take heed of the implementation hiccups (not discussed in detail in this study), but more importantly of areas that are sensitive to potential fluctuation in performance. Our results tentatively indicate no major disruption in university preparedness.
